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Abstract 
This paper presents results from experiments to integrate printable polymer thick-film pastes into the process chain of Surface 
Mount Technology (SMT). With a novel paste system under investigation the focus was to examine technological limitations 
resulting from processing the paste in screen printing. Furthermore tests were performed to qualify bonding alternatives between 
printed paste and SMT-components and conductor-tracks, respectively. Thereby excellent printing results of structures sized 
down to approximately 125 μm on flexible and rigid substrate material emerged, as well as reliable interconnections. 
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1. Introduction and Intention 
Due to its versatile application possibilities Thick-Film Technology is widely used in electronics production. 
Thereby inorganic ceramic boards provide high temperature resistance and thermal conductivity with low thermal 
expansion. For these materials thick-film pastes containing noble metals are preferably screen printed and sintered 
above 800 °C. Common interconnection technologies are soldering, wire-bonding and bonding with high-
temperature adhesives [1][2]. As a result of the low temperature stability of organic substrate materials polymer 
thick-film pastes are generally processed to create functional structures because of their low curing temperatures. 
Most of these thick-film materials cannot be soldered by commonly used reflow soldering process without 
additional chemical treatments and coatings, respectively. Therefore low temperature adhesive bonding is the 
prevalent interconnection method to ensure the thermal stability of the substrate materials. [3][4][5]  
To bridge this gap between low cost and high grade applications especially for electronics in mobile systems 
there is a need for thick-film pastes for the full integration of organic materials in a standard process chain of 
Surface Mount Technology. This paper presents the investigation of a novel thick-film paste that is structured by 
screen printing and is solderable without further treatments.  
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2. Materials and Investigation 
The polymer based paste system investigated consists of copper flakes of different size with silver coating, see 
Fig. 1. These particles are embedded in a matrix of epoxy resin and hardener that cures at 160 °C within 30 min. 
During the curing process within a nitrogen atmosphere the epoxy is shrinking and thereby grouts the flakes [6]. 
From this follows that on the one hand electrical conductivity is increasing. On the other hand flakes are unveiled at 
the surface and the metallic surface resulting can be bonded by solder or electrical conductive adhesive in a further 
process step. 
 
 
Fig. 1. Characteristics of investigated paste and processing parameters 
For the tests performed standard FR4 epoxy resin boards and a flexible foil made of Polyimide (PI) were used as 
substrate materials. The FR4 boards were structured with copper circuit tracks with a thickness of 17 μm in part. 
The paste was processed onto the substrate materials by screen printing. Printing tests with adapted layouts include 
investigations on technological limits regarding printable line widths and spaces as well as combining printed 
structures together with the standard copper structures. Furthermore various options to contact surface mount 
devices in form of chip resistors with the size 1206 together with this paste system were tested. For qualifying the 
electrical performance of the printed tracks the resistance was measured by a four-point probe. 
3. Results 
First of all several preliminary examinations were performed to define practicable parameter settings for the 
printing process referring to Hanke [2]. Screen printing tests of the paste system done subsequently, offered 
excellent quality concerning accuracy of contour and reproducibility. Bridging between printed tracks was observed 
only at a line/space width smaller than 75 μm on bare FR4 material, see Fig. 2. As a result short circuits would 
appear within the circuitry after curing and render the electronic device useless. At flexible substrates a practicable 
resolution can be defined at around 125 μm. This is due to the fact that a fixation of the flexible substrate by a 
vacuum table is not possible during the printing process. The screen would be suctioned otherwise. Therefore the 
foil is adhered at the edges for the investigations. As a result there are relative movements between substrate and 
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screen during squeegeeing. These movements are responsible for a smearing and enlarging of structures and hereby 
support bridging. 
 
 
Fig. 2. Comparison between target values and measured values achieved in the screen printing process depending on the printing direction 
Additionally to these printing tests a multilayer printing was performed. To achieve higher film thickness an 
additional paste layer was disposed onto already printed and dried structures in a second printing step. As a result of 
double printing the difference gained between target value and actual value rises at 45 % cross and 10 % up to 30 % 
longitudinal to the printing direction. This effect is based on manufacturing inaccuracy of the screen placement 
generated by the printing machine and moreover is increased by the relative movement mentioned before. Film 
thicknesses between 17 and 20 μm after the first printing step can be obtained. After the second layer is disposed a 
thickness of approximately 30 μm is measured after curing.  
Determining electrical characteristics of the printed structures the double printed conductors nearly feature half of 
the electrical resistance compared to tracks printed in a single process step. Although no barrier layers between the 
first and the second layer could be examined by microscope an exact doubling of conductivity cannot be obtained 
due to manufacturing tolerances that cause an irregular section of the conductor tracks. Fig. 3 shows the values 
examined at FR4 material. 
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Fig. 3. Resistance of printed circuit tracks in relation to line width on FR4 substrate 
At the flexible Polyimide the measured resistivity is approximately 10 % higher than for the rigid material. The 
reasons for this deviation can be found at the smearing that results out of the poor fixation of the foil during second 
processing. 
A field of application which is to be considered important for thick-film paste systems is the structuring of circuit 
boards additional to a basic copper metallization applied in standard chemical process steps. Thus it is possible to 
adapt a main circuitry by supplementary structures like printed antennas of different length or sensor structures with 
adjusted dimensions. To qualify the compatibility of the polymer based paste with the etched copper structures 
further tests were performed to examine direct contacting of copper tracks by printing. Therefore a test layout was 
printed with a different overlapping of copper and printed paste structures. After firing the thick-film material the 
resistivity was measured. 
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Fig. 4. Measured contact resistance at different overlapping structures after printing paste directly onto copper structures 
As can be seen in Fig. 4 the resistivity is mainly correlated to the area of overlapping and the layer thickness of 
the paste. In addition to clean copper structures the influence of an organic surface protection (OSP) covering the 
cooper tracks was investigated. This coating is often used to avoid surface oxidation of metallic lands in electronics 
production. Within measurements done at the specimens manufactured no significant influence of this kind of 
surface passivation on electrical conductivity could be detected.  
In terms of interconnecting electronic components, different process alternatives were investigated. A lead free 
solder paste (SnAg3Cu0.5) was disposed on printed structures as well as on copper pads coated by OSP at FR4 
boards. In the next step the chip resistors were mounted and soldered. A cross section view can be obtained in Fig. 6 
(a). Different options of curing the paste before solder paste printing were examined in this context. On the one hand 
a single and a double layer of paste was printed and cured according to manufacturing specification for 30 minutes 
at 160 °C. On the other hand the paste was baked out at 160 °C for 5 minutes only. Afterwards there was the 
application of solder paste and the mounting of the chip resistors. To reduce the length of the process chain a final 
curing of the thick-film paste was accomplished by the subsequent reflow soldering. Within the soldering profile 
temperatures reach a peak of approximately 250 °C to meet the recommendations given by the solder paste 
manufacturer and prevailing standards [7]. An examination of the solder joints under microscope shows an 
intermetallic compound at the contact areas between copper particles coated by silver and the solder. This implies 
that adhesive interconnections have developed [8]. 
To analyse long term reliability of the joints generated within the various procedures, specimen were produced 
and examined after thermal shock cycling. The tests were performed in a climatic chamber according to automotive 
standards with -40 °C lower temperature, +125 °C upper temperature and a dwell time of 15 minutes at each level. 
Measured shear forces at the soldered 1206 components were used for indicating the quality of the joints before and 
after 250 shock cycles. The results are displayed in Fig. 5. 
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Fig. 5. Mechanical stability of the solder joints before and after thermal shock cycling 
It can be seen that the solder joints on copper material feature higher shear forces than the joints at printed 
structures in general. Supplementary tests show a lower wettability by solder of the printed paste pads than copper 
pads. Due to this fact the polymer based pastes constrain the forming of a solder meniscus during reflow soldering 
that influences the mechanical stability of the joint. Furthermore few cavities can be detected within the solder joints 
caused by outgassing of volatile matters of the epoxy resin. However the interconnections at the paste systems show 
excellent long term reliability. The measured shear forces persist at a constant level whereas the stability of the 
solder joints at copper metallization decreases after 250 shock cycles. On the one hand the upper temperature level 
of the shock test (125 °C) initializes a post curing process of the thick-film paste what can be detected by means of 
higher electrical conductivity at the printed circuit-tracks. Hence the mechanical stability of the paste systems 
increases. On the other hand the paste material is still ductile and is able to absorb thermally induced tensions that 
are caused by different coefficients of thermal expansion of the join partners during thermal cycling. At rigid 
materials like copper conductors these thermal tensions provoke a fatigue of the solder joints and through this 
smaller shear forces. 
Additionally, investigations were carried out to form interconnections between electronic components and the 
thick-film paste without any additional interconnection medium for a further reduction of necessary process steps. 
Surface mount 1206 chip resistors were assembled directly into the printed and backed out (5 minutes, 160 °C, N2) 
paste. Thereby it turned out that stencil printing is advantageous for this bonding technology due to the higher 
volume of disposed paste. After curing a meniscus shaped. As displayed in Fig. 6 (b) a cross section view shows a 
joint similar to a bonding generated by isotropic conductive adhesive [6]. The measured resistance of the joints is 
settled at 1.0  and doubles the resistance gained in combination with additional solder paste. Nevertheless the 
mechanical stability of the connection of component and thick-film paste obtained by direct mounting is insufficient 
for application in electronic devices, especially in systems with advanced requirements e. g. mobile systems [9]. 
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Fig. 6. (a) Solder joints on printed paste structures, (b) direct contacting of electronic components by thick-film paste 
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